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Abstract 
This paper presents a simple method of analysis to determine the influence of single shear walls (SSW) on the degree 
of coupling DoC and on the peak shear demand PSD for beams of coupled shear walls (CSW) in mixed shear wall 
structures (MSW). Non-coupled lateral load resisting structures such as singular planar walls will reduce primary 
bending moments in the coupled shear walls of MSW structures thereby increasing the degree of coupling. They will 
also change the location and magnitude of the maximum shear in and rotation of the coupling beams. These changes 
in the coupled wall bents may increase the demand on their performance beyond capacity. It is therefore important to 
have an indication of the change in the coupling beam design parameters at an early stage of the design. The proposed 
graphical method is based on the continuous medium theory and allows a rapid assessment of the structural behavior 
of coupled shear wall bents in mixed shear wall structures that are subject to triangularly distributed horizontal 
loading. 
© 2011 Published by Elsevier Ltd.  
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1. INTRODUCTION
In reinforced concrete high-rise structures, coupled wall structures as shown in Figure 1 can provide an 
efficient lateral load resisting system against wind and earthquake effects. When such structures are 
subjected to horizontal loading, the total overturning moment is divided into two components: primary 
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bending moments, M1 and M2 taken by the individual walls and an axial bending moment T" which is the 
axial force, T induced in the walls by the shear forces in the coupling beams, multiplied by a distance "
between the neutral axes of the walls. The relationship between these two types of bending moment is 
given by single parameter. The degree of coupling DoC of coupled shear walls (CSW) is defined by the 
axial bending moment at the base of the structure, expressed as a fraction of the total overturning moment 
21 MMT
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 (1) 
Obtaining the different types of bending moment requires a full analysis of the structure as the 
relationship between these actions is dependent on the stiffness of the coupling beams. The continuous 
medium theory as applied to high-rise coupled shear wall structures (Chitty 1947) allows a rapid 
assessment of the horizontal deflections when subjected to lateral loading (Coull and Choudhury 1967; 
Stafford Smith et al.1981; Stafford Smith and Coull 1991). The theory was extended to allow addition of 
other types of bents such as single shear walls and rigid frames in multi-bent structures (Hoenderkamp 
and Stafford Smith 1984; Stafford Smith et al. 1982; Stafford Smith et al. 1984). This makes it possible to 
derive expressions for the shear forces in the coupling beams in MSW structures. Establishing the 
maximum shear force, Vb,max in the critical coupling beam and its location up the height of the structure 
will yield a relationship between this peak shear force and an average shear force, Vb,avg which is called 
the peak shear demand 
avg,
max.
b
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The degree of coupling DoC and the peak shear demand PSD are two very important parameters in the 
design of coupled wall structures (Chaallal et al. 1996; Harries et al. 2004).  
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Figure 1: Coupled shear wall structure 
2. COUPLED SHEAR WALL STRUCTURES 
For a coupled wall structure subject to a triangularly distributed lateral load with a maximum value of q at
the top and zero at the base of the structure, the degree of coupling is (Harries et al. 2004) 
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where H is the total height of the structure and a characteristic structural parameter 
EI
GA 2D (4) 
in which GA is the racking stiffness of the structure and EI is its flexural stiffness. The flexural stiffness 
of a coupled wall bent comprising two shear walls as shown in Figure 1 is the sum of the individual 
bending stiffness of the walls 
21csw EIEIEI  (5) 
A characteristic non-dimensional parameter is expressed as follows 
2
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where EAc2 is the total axial bending stiffness of the structure. The axial bending stiffness of a coupled 
wall bent is given by 
22
csw iicEAEAc 6 (7) 
in which ci is the distance between the neutral axis of an individual shear wall and the overall neutral axis 
of the coupled wall bent as shown in Figure 1. The racking shear stiffness of a coupled wall structure is 
given by 
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in which two non-dimensional parameters are defined as follows 
 b" E (9) 
where b is the length of the flexible coupling beams between the coupled walls, 
 ^ `dhh  J (10) 
in which d is the depth of the coupling beams and h is the story height. The diagram in Figure 2 allows a 
rapid assessment of the degree of coupling in coupled shear wall structures as a function of two non-
dimensional characteristic parameters, kDH and k2.
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Figure 2: DoC for coupled wall structures subject to triangularly distributed load 
3. MIXED SHEAR WALL STRUCTURES 
Adding single shear walls or cores to coupled shear wall structures or replacing coupled shear wall bents 
with single shear walls as shown in Figure 3, will alter the load distribution between the various lateral 
load resisting elements. A coupled wall structure has three characteristic structural parameters: bending 
stiffness EI, racking shear stiffness GA and axial bending stiffness EAc2 that define its behavior when 
subjected to horizontal loading. The lateral deflection behavior of a single shear wall can be well 
represented by its bending stiffness EI. Using the continuous medium method of analysis, it has been 
shown (Stafford Smith et al. 1982; Stafford Smith et al. 1984) that the horizontal deflections up the height 
of a high-rise mixed shear wall structure (MSW) can be expressed as follows 
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in which the gross bending stiffness of the structure is the sum of all primary and axial bending stiffnesses 
in the mixed shear wall structure and x is the distance measured from the top of the structure. Equations 
(4) and (6) can here also be used to obtain the characteristic parameters D2 and  
q
y
z
CSW     CSW               CSW     CSW
  SSW
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Figure 3: Typical floor plan of mixed shear wall structure 
2
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k2 by summing for all stiffness components in the mixed shear wall structure. The individual primary 
bending moments in the wall can be obtained from the second derivative of equation (11) which must be 
multiplied by the individual bending stiffness of the wall (Hoenderkamp and Stafford Smith 1984). The 
second derivative is given by 
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For a coupled wall structure the primary bending moments in the two walls are 
''csw21 yEIMM    (14) 
The total axial bending moment (Hoenderkamp and Stafford Smith 1984) in the structure is 
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This bending moment is distributed to each coupled wall bent in the MSW structure according to its 
individual axial bending stiffness, i.e. 
2
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The degree of coupling for a specific coupled shear wall bent can be obtained by evaluating the primary 
and axial bending moments at the base of the structure where x = H. Then, substituting these bending 
moments in equation (1) and simplifying leads to the following expression  
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in which the constant C for a triangularly distributed lateral load can be expressed as follows 
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A characteristic structural parameter for a specific coupled wall bent for which the degree of coupling is 
to be obtained, can expressed as follows 
2
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For a rapid assessment of the DoC of a coupled wall structure in a mixed shear wall structure, the diagram 
in Figure 4 is entered on the left hand side of the graph with values for kDH and k2 which  
Figure 4: Degree of coupling for MSW subject to triangularly distributed horizontal loads 
represent the mixed shear wall structure. From a curve on the left hand side, the right hand side is entered 
with a value for k2csw for the specific coupled wall bent. Figure 4 can also be used for structures 
comprising coupled shear wall bents only, i.e. k2 = k2csw.
4. COUPLING BEAMS 
The change in axial force in an individual wall of a coupled wall bent represents the shear in the beams 
connecting the walls (Coull and Choudhury 1967) and is given by the first derivative of equation (15) 
 
2
2 2
1 1
'
2 ( )
sinh( )(1 / ) 1 2 cosh( )
               
( ) cosh( )
qH x x
T
k H H k H
k H x H k H k H k x
k H k H
D
D D D D
D D
ª§ · § ·  «¨ ¸ ¨ ¸© ¹ © ¹«¬
    º
 »
¼
"
 (20) 
0 1 2 3 4 5 6 7 8 9 10
kDH
Values of k² for total structure
1.05
1.10
1.20
1.50
2.0
10
1.02
. 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
DoC
Values of k²csw for coupled wall bent
2.0
1.50
1.20
1.10
1.05
1.02
1822  J.C.D. HOENDERKAMP / Procedia Engineering 14 (2011) 1816–1824
The shear in the connecting beams of the coupled walls in the structure is distributed to the beams of a 
coupled wall bent according to its axial bending stiffness 
2
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The location of the maximum shear is obtained by differentiating equation (20) w.r.t. x, setting it equal to 
zero and solving for x/H
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This equation is only dependent on the characteristic parameter kDH. Figure 5 shows a graphical solution 
to equation (22) for values of x/H. This location of maximum shear force in the connecting beam is not 
the same as for the maximum slope in the structure. The location of maximum story 
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Figure 5:  Design parameters for coupling beams 
sway is a function of kDH and k2 (Stafford Smith et al. 1982) and will be above the location of maximum 
beam shear. Obtaining the beam shear force from the maximum slope of the structure ignores the axial 
deformations in the walls thereby overestimating the shear force. The maximum shear force in a coupling 
beam is obtained by integrating equation (20) and evaluating between x+h/2 and x-h/2. It can also be 
approximated as follows 
> @max,2
2
csw
2cswmax, ' Vb KEAc
EAc
k
qHh
hTV uu  
"
 (23) 
in which a beam shear factor KV,max represents the term in the square brackets of equation (20) and is to be 
evaluated at the location of maximum shear or can be obtained directly from Figure 5.  
The maximum chord rotation of a coupling beam can then simply be obtained as follows 
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where EIb is the bending stiffness of a coupling beam. 
The average shear force in the coupling beams can be obtained from the maximum axial force in a shear 
wall and dividing through by the number of stories (H/h) in the building. Setting x=H and substituting 
into equation (15) yields an expression for the average shear force in the beams 
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in which a factor for the average beam shear force KV,avg can be calculated or directly obtained from the 
diagram in Figure 5. Equation (25) can also be used the obtain the average beam rotation Tb, avg by 
substituting Vb,avg for Vb, max. The increase in shear demand for the critical coupling beam then is given by 
a peak shear demand factor which is defined as follows 
avg,
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A curve in Figure 5 represents the increase in shear demand for the critical coupling beams. This curve 
also represents the increase in rotational demand. 
5. CONCLUSIONS 
The proposed analysis is based on the continuous medium theory as applied to coupled wall structures 
and therefore only applicable to high-rise structures. This theory allows a MSW structure to be 
represented by two characteristic non-dimensional parameters, k2 and kDH, which define its overall 
structural behavior. The parameter kDH allows rapid graphical assessments of five important design 
parameters for the coupling beams: peak shear demand, peak rotation demand, maximum shear force, 
maximum rotation and their location up the height of the structure. In general, an increase in kDH:
increases the peak shear force in the coupling beam, decreases the beam rotation and moves the location 
of peak shear and rotation downward to the base of the structure. The range of the peak shear demand and 
peak rotation demand factors is between 1.24 and 1.52. The method of analysis is restricted to structures 
in which the structural floor plan arrangement is symmetric. The theory is based on the assumption of, 
and therefore is accurate only for, structures that are uniform through their height. It may be used, 
however, to obtain approximate values for the design parameters for comparison between practical 
structures whose properties vary with height. 
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